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def SchemaNode node 
def OntClass class 
uses match = ?ndSubClassMatch(node,class) 
uses match = ?ndPropertyMatch(node,class) 
uses boolean = hasEnoughMatches(MatchList) 

function Concept-Finder (node, class) 
for each childnode in children of node 

match = Compare-Node(childnode, class) 
if (match != null) 

store match 
else if 

store "no match for.“ node.name 
end if 

end for 
end function 

function match = Compare-Node(node, class) 
match = ?ndSubClassMatch(node,class) 
if (match = null) 

match = ?ndPropertyMatch(node,class) 
if( match = null) 

if depth < limit 
depth++ 
for each childnode in children of node 

add Compare-Node(childnode,class) to 
MatchList 

end for 
if hasEnoughMatches(MatchLlst) 

match = <node,class,“subclassmatch"> 
end if 

end if 
end if 

end if 
if match != null 

Concept-Finder(match.n0de,match.class) 
return match 

else 
return null 

end if 
end function 

Fig. 5 
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SYSTEM AND METHOD FOR MATCHING 
SCHEMA ELEMENTS TO ONTOLOGY 

ACCORDING TO CORRESPONDENCE TEST 

CLAIM OF PRIORITY 

The present patent application claims the priority bene?t of 
the ?ling date of European Application (EPO) No. 
050266972 ?led Dec. 7, 2005, the entire content ofWhich is 
incorporated herein by reference. 

TECHNICAL FIELD 

Example embodiments generally relates to the ?eld of 
electronic data processing and more speci?cally to data 
exchange. 

BACKGROUND 

In recent years, the exchange of data in electronic format 
has continuously increased. The number of parties participat 
ing in the exchange of the data has increased as Well as the 
number of different types of the data. This development has 
led to concepts hoW to structure and describe the data so that 
the data can be exchanged in a ?exible Way. This may for 
example include transferring a data set With a description of 
elements of the data set so that a transferred message has 
self-contained parts. Therefore, a receiver of the transferred 
message may be able to understand the transferred message 
even if details of hoW to transfer the data set have not been 
speci?ed. 
One Way to describe data is to use a schema, for example, 

a schema of the Extensible Markup Language (XML). Within 
XML, XML schema de?nition (XSD) may be used to de?ne 
structures of valid XML documents. The XML documents 
are instances of a speci?c schema. XML is a Widespread 
standard for representing information in the World Wide Web 
(WWW). Generally, XML represents the information in a 
semi-structured form and has many applications beyond the 
WWW. Extensibility, simplicity, and interoperability are 
some of the reasons Why XML is popular for Web technolo 
gies and data exchanges today. XML is a markup language for 
structuring information and a single XML document may 
include different data. Therefore the different data can be sent 
in the single XML document in an e?icient Way over the 
Internet. This provides a ?exible Way for interchanging data 
betWeen different systems that may be oWned by different 
companies. Such data interchanges betWeen different com 
panies are more and more desired because globalisation 
demands to share and integrate electronic information 
quickly Without specifying details of each data interchange. 
XML may be used for such interchanges of data. HoWever, 

When the structures of data models in communicating sys 
tems are not equal postprocessing may be required due to 
occurring con?icts. As an example, a ?rst structure of data 
used in a ?rst company may be described in a ?rst XML 
schema. A second structure of data used in a second company 
may be described in a second XML schema that differs from 
the ?rst schema. The second company may create transfor 
mation instructions that transform data of the ?rst schema to 
data of the second schema. The transformation instructions 
may be for example mappings alloWing computers to under 
stand that element x in the ?rst schema corresponds to ele 
ment y in the second schema. As an example, the ?rst schema 
may contain a data element “Vendor” and the second schema 
a data element “Seller”. A human being may be able to guess, 
possibly using additional knowledge sources that these ele 
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2 
ments correspond to an identical entity, that is, a party that 
sells a product or a service. Therefore, the human being may 
de?ne a mapping rule that maps instances of “Vendor” to 
instances of “Seller” When passing information from the ?rst 
company to the second company. Such a naming con?ict is an 
example of conceptual differences that occur in data schemas 
and that are knoWn as semantic heterogeneity. 
A further Way to represent data is to use an ontology. The 

idea of using ontologies has been suggested for a semantic 
Web. In the semantic Web data may be described or de?ned in 
such a Way that a machine can understand a content of the 
data. The semantic Web is a step toWards making the Internet 
“arti?cially intelligent” and adding value by facilitating a 
more autonomous information interchange betWeen 
machines. One bene?t of the computer understanding an 
interpretation of data is more e?icient Web querying. For 
example, a computer being able to differentiate betWeen Java 
being a kind of coffee, an island, and a programming lan 
guage may be able to provide better search results than a 
computer Without a semantic understanding. Interoperability 
is a further aspect When interaction betWeen applications on 
the Web is required. As an example, a computer may be able 
to discover and understand autonomously information that a 
further application provides. This may be used for Web ser 
vices Where independent applications are meant to interact 
With each other in order to create a modular application of 
higher value. With a semantic Web, it may be possible that 
applications can for example exchange data Without a pro 
grammer manually con?guring the applications. 
An article With title “ToWards Semantic Web Engineering: 

WEESAiMapping XML Schema to Ontologies” by Ger 
arld Reif, Mehdi Jazayeri, and Harald Gall discloses a manual 
mapping of schemas to ontologies at a design level. The 
article is available the Department of Informatics of the Uni 
versity of Zurich, SWitZerland using an intemet site related to 
Harald Gall. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 displays semantic and syntactic layers and identi?es 
layers that are relevant for an embodiment of the invention. 

FIG. 2 is a simpli?ed diagram With an exemplary embodi 
ment of the invention and exemplary schema and ontology 
representations. 

FIG. 3 shoWs basic parts and examples of a schema and an 
ontology. 

FIG. 4 shoWs an exemplary XML schema and an exem 
plary ontology. 

FIG. 5 shoWs exemplary pseudo code for implementing an 
embodiment of the invention. 

FIG. 6A is a part of a simpli?ed ?oW diagram for an 
embodiment of the invention. 

FIG. 6B is a further part of the simpli?ed ?oW diagram for 
the embodiment of the invention. 

DETAILED DESCRIPTION 

FolloWing examples and exemplary embodiments may 
have speci?c features for illustrative purposes. The speci?c 
features are not intended to limit the scope of the invention or 
to be exhaustive regarding embodiments of the invention. 

In an example embodiment, data may be represented 
according to different concepts: a schema may include ele 
ments that are parts of the data and that have identi?ers and 
relations betWeen the elements, Wherein the elements and the 
relations may be represented as a tree structure; an ontology 
may include classes, properties, and property ranges. 
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An aspect of the example embodiments includes trans 
forming a part of a data set betWeen a schema representation 
and an ontology representation. 

According to the aspect, an example embodiment is a sys 
tem for matching elements of the schema to entity groups of 
the ontology. An element of the schema matched to an entity 
group of the ontology may be used to transform a part of the 
data set betWeen different representations, the part of the data 
set being identi?ed by the element or the entity group. The 
system is high-performance because a match betWeen the 
element and the entity group may be used to transform many 
data sets in an identical Way. Also, the system ?nds a match by 
taking a knoWn match into account and therefore reducing a 
number of entity groups that are tested for a match. Further 
more, the system is reliable because different aspects of the 
ontology are taken into account for ?nding the match. 
Accordingly, high rates of successful matches and therefore 
transformations are achievable. 

According to the aspect, a further embodiment of the 
example embodiments is a computer-implemented method 
for matching elements of the schema to entity groups of the 
ontology. The method shares advantageous features of the 
system for transforming data sets betWeen the representa 
tions. 
A further embodiment of the example embodiments is a 

computer program product related to the method. Accord 
ingly, the computer program product shares advantageous 
features of the method. 

FIG. 1 displays semantic 210 and syntactic layers 250 and 
identi?es layers that are relevant for an embodiment of the 
invention. The embodiment of the invention is a system for 
matching elements of an XML schema to entity groups of an 
ontology. The system is described in detail in a folloWing part 
of the description that relates to FIG. 2. In further embodi 
ments of the invention further schemas and further ontologies 
may be used differing from displayed layers. De?nitions of a 
schema and an ontology With features that are relevant to 
embodiments of the invention are given in the part relating to 
FIG. 2. FIG. 1 gives an overvieW over different concepts that 
are Widespread today and puts the embodiment into a context 
of the Widespread concepts. 

The syntactic layers 250 include the hypertext markup 
language (HTML) layer 252, the XML layer 254, and the 
XML schema layer, that is, XSD layer 256. HTML is fre 
quently used for creating hypertext documents in the WWW. 
XML is a higher level standard for creating markup lan 
guages. XML has features for structuring data in a tree struc 
ture in a machine readable format. An XSD is an instance of 
an XML schema Written in the XML schema language. Com 
pared to XML the XML schema includes further features for 
specifying elements, attributes and data types. 
The semantic layers 210 include the resource description 

framework (RDF) layer 212 that is a language for describing 
resources in the WWW by creating statements on hoW the 
resources are related. RDF is a speci?cation of a model to 
represent metadata. A RDF schema layer 214 adds features 
for describing classes and properties to the RDF. An ontology 
layer 216 further adds a vocabulary to describe a relevant 
vieW of an area, that is, it adds contents to an RDF schema that 
provides the structural elements. A logic and proof layer 218 
further adds features so that knoWledge representation sys 
tems can Work With an ontology and reasoning systems can 
draW conclusions from the ontology. 

The layers that participate in the embodiment of the system 
are the ontology layer 216 and the XML schema layer 256. 
The matching of the elements of the XSD to the entity groups 
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4 
of the ontology are represented by an arroW 240. The match 
ing may also be called a lifting of the XSD to the ontology. 

FIG. 2 is a simpli?ed diagram With an exemplary embodi 
ment of the invention and exemplary schema and ontology 
representations. The exemplary embodiment is a system 100 
for matching elements of an XML schema to entity groups 
comprised of classes and properties of an ontology. Repre 
sentations 123 of the XML schema include an XSD ?le 122 
and a schema tree 124 and representations 127 of the ontology 
include a Web ontology language (OWL) ?le 126 and an 
ontology graph 128. Results of the system 100 are Written to 
a mapping ?le 142. A Line betWeen tWo elements represents 
an interface con?gured to exchange data betWeen the tWo 
elements and an arroW represents a data transfer in an indi 
cated direction. Optional elements related to the system are 
displayed in dashed lines. 
The exemplary schema is de?ned according to XSD. In a 

further example, further schemas may be used. The further 
schemas may not be a standard schema but for example a 
schema describing data stored in one or more data base tables. 
Such schemas are also called data base schemas. With respect 
to embodiments of the invention a schema is de?ned by 
including elements and relations betWeen the elements, 
Wherein the elements are identi?able With nodes of a tree and 
the relations are identi?able With relations betWeen the nodes 
of the tree. An element of a schema is identi?able With a node 
of a tree in case that the element can be identi?ed With the 
node, that is, the schema can be represented as a tree structure 
and the element can be interpreted as being the node of the 
tree structure. 

The exemplary ontology is described according to OWL. 
In a further example, an ontology according to a further 
speci?cation may be used. With respect to embodiments of 
the invention an ontology is de?ned according to the folloW 
ing features: the ontology has classes and the classes may 
have properties and may be related by inheritance relations. 
Classes, properties, and inheritance relations of the ontology 
are entities of the ontology. A class of the ontology may be 
also called a concept of the ontology. A property of a class has 
a range that speci?es one or more property values. The range 
may include a further class or a datatype, for example, a 
string. A property With a range that includes a class is an 
object property and a property With a range that includes a 
datatype is a datatype property. A class may be related to a 
further class by an inheritance relation, that is, the class is a 
subclass of the further class. The subclass inherits properties 
of the further class. 
An ontology may have further features that are not relevant 

in embodiments of the invention. Embodiments of the inven 
tion may use the described features. Furthermore, modelling 
data With an ontology may include further rules Which affect 
the Way hoW the ontology is de?ned but not With Which parts. 
Furthermore, the expressiveness of the OWL is not relevant to 
embodiments of the invention, that is, for example OWL Lite, 
OWL DL, or OWL Full may be used in an embodiment 
according to the invention. 
The system 100 is an exemplary embodiment of a system 

for matching elements of a schema to entity groups of the 
ontology. The system may be a computer system for running 
programs such as a personal computer or an application 
server. An entity group of the ontology is comprised of classes 
or properties of the ontology. More speci?cally the entity 
group may be a class, a datatype property, or an object prop 
erty With a range of the object property. 
The system 100 includes a ?rst storage means con?gured 

to store an element of the schema, such as the XSD ?le 122. 
In a further example, the ?rst storage means may be a further 
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means to store the element of the schema, for example, a data 
structure stored in a portion of a memory or an external 
memory device such as a hard disc drive. The XSD ?le 122 
may be stored, for example, on a hard disc drive of the system 
or in a memory portion of the system. The element of the 
schema is identi?able With a child node of a parent node of a 
tree Wherein the child node may be one or more generations 
younger than the parent node. 

The system includes a second storage means con?gured to 
store an entity group of the ontology, such as the OWL ?le 
126. An embodiment of the second storage means may be 
similar to a possible embodiment of the ?rst storage means. 
The entity group of the ontology includes a subclass of a class 
of a further entity group or a property of the class. The further 
entity group matches to a parent element identi?able With the 
parent node. 

The system 100 includes an access unit 120 con?gured to 
access the element of the schema and the entity group of the 
ontology. In the example, the access unit accesses the XSD 
?le 122 including the element of the schema. The access unit 
may include a hard disk drive and a program controlling 
accesses to ?les on the hard disc drive. In a further example 
the access unit may include also a program for allocating and 
controlling memory space of a computer system. In a further 
example, the schema may be provided by a plurality of ?rst 
storage means and an access unit may access different ?les 
When matching different elements. In the example, the access 
unit 120 is con?gured to access the OWL ?le 126 including 
the entity group of the ontology. The element and the entity 
group are related because the element is identi?able With the 
child node of the parent node of the tree and the entity group 
is assigned to the further entity group that matches to a parent 
element identi?able With the parent node. The entity group 
being assigned to the further entity group means that the 
entity group includes a subclass of a class of a further entity 
group or a property of the class. 

The system 100 includes a match unit 130 con?gured to 
match the element of the schema to the entity group of the 
ontology in case that the element corresponds to the entity 
group according to a correspondence test. The match unit 
may for example include a computer chip executing instruc 
tion according to a program. 

The system 100 may further have an optional receiver unit 
110 con?gured to receive start match 112, that is, an identi?er 
of the parent element and an identi?er of the further entity 
group. The start match 112 may be entered by a user starting 
the system 100. In the example, the start match may be the 
only input provided by the user. 

In the example, the correspondence test is con?gured to 
test different possible matches betWeen the element of the 
schema and the entity group of the ontology. The different 
possible matches are tested sequentially in an order. The order 
of testing the matches may be different in a further example. 
Furthermore, in a further example, the correspondence test 
may test less possible matches than in the present example. 

First, the correspondence test compares an identi?er of the 
element With an identi?er of a subclass of the class of the 
further entity group. Therefore, the correspondence test tests 
a possible match of the element to the entity group being a 
subclass of the class of the further entity group. For this, the 
correspondence test is con?gured to test if any one of the 
folloWing relations exists betWeen identi?ers of the element 
and the subclass: the identi?ers are identical, the identi?ers 
are synonymous, the identi?ers are similar according to a ?rst 
similarity test. Identical identi?ers of the element and the 
subclass can be tested by a literal comparison of the identi? 
ers. Synonymous identi?ers, such as Vendor for the element 
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6 
and Seller for the subclass may be found by using for example 
WordNet. WordNet is an online lexical database for the 
English language provided by Princeton University in NeW 
Jersey, USA. The ?rst similarity test includes three subtests 
for similarity. The subtests give quantitative results evaluat 
ing a similarity aspect and the system may have similarity 
parameters specifying When a subtest is successful or not: a 
result value less than a similarity parameter may be inter 
preted as the identi?ers being not similar and a result greater 
than or equal to the similarity parameter may be interpreted as 
the identi?ers being similar. A ?rst subtest for the element 
identi?erA and subclass identi?er B may be s_1 de?ned by 

sil (A, B):l—dist(A, B)/maxLength(A, B). 

The function dist (A, B) gives the number of different letters 
betWeen A and B and maxLength (A, B) gives the number of 
letters of the longest identi?er of A and B. In case theA and B 
are totally different the function dist (A, B) is equal to max 
Length (A, B) because all letters of the longer expression of A 
and B are different from the other expression. The function 
dist (A, B) may ignore the difference betWeen capital and 
small letters but in a further example the difference may be 
taken into account. In the example, a similarity parameter for 
s_1(A, B) may be 0.7 but in further examples the similarity 
parameter may be different and even vary if no match is found 
in a ?rst series of ?nding matches. 
The second subtest s_2(A, B) is de?ned by 

si2(A, B):max(sil(A, X); for allXfound being syn 
onymous to B). 

Therefore s_2 takes is equal to the largest similarity value 
according to s_1 With respect to found synonyms of B. In the 
example, a similarity parameter for s_2 may be also equal to 
0.7. 
The third subtest s_3 (A, B) calculates a similarity by split 

ting A and B into tokens and by counting With a Weight factor 
similarities betWeen individual tokens of A and B. Tokens 
may be identi?ed by a CamelCase, that is, a capital case not at 
the beginning of an expression, or delimiters such as deci 
mals, spaces, underlines or dashes. 

Si3 (A, B):sumi(over i and j)(sil (Ami, B‘jD/(WL 
A *ZiA+WiB >hi3), With 

A_i, i:1, . . . , t_A tokens of A, t_A being the number of tokens 
of A, 

B_j,j:1, . . . ,t_B tokens ofB, t_B being the number oftokens 
of B, and 

W_A a Weight factor for Weighing the numbers of tokens of A, 
W_B a Weight factor for Weighing the numbers of tokens of B, 

and 

As an example, A may be ExprDate giving tWo tokens Expr 
and Date and B may be hasCardExpiryDate giving four 
tokens has, Card, Expiry, and Date. With a numbering of the 
tokens according to the sequence of occurrence in the iden 
ti?ers it folloWs s_1(A_1, B_3):0.67, s_1(A_2, B_4):1, and 
the other token results are equal to Zero. In the example, With 
W_A:0.9 and W_B:0.l it folloWs s_3 (A, B ):0.76 Which may 
be interpreted as a match of the identi?ers With a similarity 
parameter for s_3 of 0.7. 

The correspondence test of the system 100 is further con 
?gured to compare an identi?er of the element With an iden 
ti?er of a datatype property of the class of the further entity. 
Therefore, the correspondence test tests if the element 
matches to the entity group that is the datatype property. Such 
a comparison may be only done in case that the entity group 
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is a datatype property. The correspondence test is con?gured 
to test if any one of the following relations exists between 
identi?ers of the element and the datatype property: the iden 
ti?ers are identical, the identi?ers are synonymous, the iden 
ti?ers are similar according to a second similarity test. In the 
example, the second similarity test is identical to the ?rst 
similarity test. However, in a further example, the tests may 
be different by using different or further subtest functions or 
by using different similarity parameters. The reason for using 
different parameters may be that a match of the element to a 
subclass may be more favourable than a match of the element 
to a datatype property. Accordingly, the similarity parameter 
for a match of the element to the subclass may be smaller than 
the similarity parameter for a match of the element to the 
property. As a consequence the match of the element to the 
subclass may have a higher probability than the match of the 
element to the property. 

The correspondence test is further con?gured to compare 
an identi?er of the element with an identi?er of an object 
property of the class of the further entity group and an iden 
ti?er of a range of the object property. Such a comparison may 
be done only in case that the entity group consists of an object 
property and a range. The correspondence test is con?gured 
to test if the identi?er of the element corresponds to the 
identi?er of the object property and the identi?er of the range 
according to a third similarity test. In the example, the third 
similarity test s_pr for element identi?er A, object property 
identi?er B and range identi?er C is de?ned as 

with prf being a property range factor which weighs a simi 
larity of a property and is accordingly between 0 and 1. In the 
example, prf may be between 0.5 and 0.7 taking into that a 
property identi?er is frequently longer than a class identi?er 
and therefore a higher weight is given to a comparison with 
the property identi?er. Parameter t is a similarity parameter 
that is valid for evaluating if the element identi?er is similar to 
the object property identi?er and the range identi?er. In a 
further example, two different similarity parameters may be 
used for evaluating the similarity between the element iden 
ti?er and the object property identi?er and the element iden 
ti?er and the range identi?er. The function s(A, X) may be a 
subtest function identical to s_1(A, X), s_2(A, X), or s_3(A, 
X). 

In the example the element identi?er is compared with both 
the object property identi?er and the range identi?er because 
the element identi?er may only be similar to the range iden 
ti?er. This is the case in the example that the element identi?er 
is Address, the object property identi?er is hasHome, and the 
range identi?er is Address. Furthermore, the object property 
identi?er is also tested because the range identi?er may not be 
suf?cient for a match. This is the case in the example that the 
element identi?er is ShipToAddress, the range identi?er is 
Address and there are two object property identi?ers hasShip 
ToAddress and hasBillToAddress. 

In case that the element cannot be matched to the entity 
group according to any one of the previous correspondence 
tests the correspondence test may be further con?gured to 
?nd a derived match. The derived match relies on a compari 
son of child nodes related to the element with further entity 
groups that are assigned to the entity group. The child nodes 
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8 
related to the element may be related by one or more genera 
tions to the element. Accordingly the correspondence test is 
con?gured to test if one or more elements identi?able with 
child nodes of the child node match to one or more entity 
groups that comprise subclasses of a class of the entity group, 
properties of the class, or properties of the subclasses. The 
correspondence test is con?gured to evaluate matches of the 
one or more elements to the one or more entity groups accord 
ing to an evaluation function. In the example, the evaluation 
function s_eval counts the number of matches possible with 
the child nodes related to the element. The test for the matches 
are according to s_1, s_2, s_3, and s_pr as described previ 
ously. However, the value s_eval depends on the number of 
child nodes and is therefore compared to a similarity param 
eter p_matches that is de?ned as 

piI'HZIChIBSII if nichild<l and 

pimatches:log(nichild) if nichild>l, 

with log the logarithm function to the basis 2 and n_child the 
number of child nodes related to the element. In the example, 
a successful derived match of the matched element and the 
entity group is characterised as a derived match. A user of the 
system may be informed through a user interface that the 
match is a derived match and may choose to check the derived 
match. 

Following a successful match according to any one of the 
previous correspondence tests a further unmatched element 
may be matched to a further entity group. The sequence how 
to select the further unmatched element may vary with dif 
ferent embodiments of the invention. In the system 100 the 
further unmatched element may be child element related 
through a child node to the element and in case that no child 
element is available a sibling element related through a sib 
ling node to the element may be selected as the further 
unmatched element. Repeating the correspondence test with 
the further unmatched element and following this with still 
further unmatched elements it may be possible to match all 
elements of the schema to entity groups of the ontology. In 
case that an element may no be matched to any entity group 
the system may specify the element and write a log ?le with 
an identi?er of the element. A user of the system may check if 
a match of the element is possible in a manual way. Fre 
quently, an ontology has much more entities and is much 
more complete than a schema and therefore each element of 
the schema has a high probability to match to an entity group 
of the ontology. 

Following a comparison of all elements of the schema the 
system 100 uses a write unit 140 con?gured to write to the 
mapping ?le 142. The mapping ?le includes descriptions of 
matches of elements of the schema to entity groups of the 
ontology. In a further example, a description of a match may 
be written to the mapping ?le prior to matching a following 
element to a following entity group. 
The system 100 matches elements of the schema to entity 

groups of the ontology in an automated way. The number of 
elements of the schema may be large so that a manual match 
ing procedure of a user may not be convenient. Furthermore, 
complicated structures modelled by the ontology including 
for example inherited properties may be inconvenient for a 
user. The system is ef?cient because it uses a feature of the 
ontology, that is, the ontology is understandable by a 
machine. Furthermore, the system uses semantic information 
of the ontology and explores paths of the structure of a tree 
representing the schema to reduce mismatches. 
The system 100 may be used to match a ?rst schema to a 

second schema by matching the ?rst schema to an ontology 
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and the second schema to the identical ontology. The result 
ing mappings of the ?rst and second schemas to the ontology 
may be used to match the elements of the ?rst schema to the 
elements of the second schema and create a mapping betWeen 
the schemas. Such a procedure may be convenient because an 
ontology may include more information than the schemas and 
therefore may include elements of tWo or more different 
schemas. 

FIG. 3 shoWs basic parts and examples of a schema and an 
ontology. Elements related to the schema are in a ?rst box 311 
and elements related to the ontology are in a second box 321. 
The example of the schema is an instance of an XML schema, 
that is, an XSD. A relation 312 of the schema relates elements 
As and Bs. An element of an XSD may include a name Which 
speci?es the element. An XSD may be used to structure data 
sets and identify parts of the data sets. Using elements and 
relations as basic parts the XSD can be constructed. In accor 
dance With embodiments of the invention the elements of the 
XSD can be identi?ed With nodes of a tree. The relations 
betWeen the elements specify child nodes and parent nodes of 
the nodes. 
An exemplary tree representation 313 of the XSD may 

have a root node representing an element named Publication. 
Child nodes of the root node are named Title and Author. 
There may be further child nodes of the root node. From the 
parent node of the node Title, that is, the node named Publi 
cation it folloWs that Title may be identi?ed With a title of 
Publication. The child node named Author has a child node 
named Title Which represents a title of the author, such as 
“Dr”. Therefore, the tree has tWo nodes With an identical 
name. The name title is an example of an homonym, that is, an 
expression having tWo different meanings. In the tree 313 the 
speci?c meaning is clear from the context of the correspond 
ing node. According to embodiments of the invention both 
nodes named Title are child nodes of the root node of different 
generations. 

The basic parts of the ontology are classes also called 
concepts, inheritance relations, properties. Inheritance rela 
tion 322 is represented by an arroW from Concept B to Con 
cept A. Therefore, Concept B is a subclass of Concept B and 
inherits properties from Concept A. Datatype property C 324 
is represented by a further arroW type and indicates that 
Concept A has a property C that has a range of Datatype, that 
is, a range that may be described by a de?nition of a datatype. 
Object property D 326 is a property of Concept A and has a 
range identical With Concept E. With the three different rela 
tions 322, 324, and 326 an ontology can be constructed. A 
graphical example 327 of an ontology has a class named 
Publication and subclasses Paper and Book. Furthermore, the 
class Publication has an object property named hasWriter and 
the object property has a range identical to a class named 
Writer. The class Publication has a datatype property named 
hasTitle With a range that is a string. The properties of Pub 
lication are also properties of the subclasses Paper and Book. 
An ontology may have a restriction prohibiting using hom 
onyms. 

FIG.4 shoWs an exemplary XML schema 350 and an exem 
plary ontology 360. The exemplary XML schema 350 has a 
tree representation With a root node named TradingParty hav 
ing child nodes Vendor and BuyerParty. The Vendor node has 
child nodes Identi?er and Address that again has child nodes 
named City, Street, and HouseNo. The BuyerParty has child 
nodes Identi?er, ShipToAddress, and BillToAddress. 

The exemplary ontology 360 has a graphical representa 
tion With a class named TradingPartner. TradingPartner has 
subclasses Seller and BuyerPartner that again has subclasses 
ShipToPartner and BillToPartner. Furthermore, TradingPart 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
ner has tWo properties, ?rst a datatype property named hasi 
denti?ers With an integer range according to XSD and a 
second object property named hasAddress With a range of 
class named Address. Address has object properties hascity 
With range class named City and hasStreet With range class 
Street. Address has further a datatype property hasHouseNo 
With an integer range. 

In the folloWing a simpli?ed description is given hoW an 
exemplary system may match elements of the exemplary 
schema to entity groups of the exemplary ontology. The 
exemplary system may receive through the optional receiver 
unit a start match With an identi?er of the TradingParty ele 
ment and the TradingPartner class. Traversing the schema 
tree from left to right the exemplary system may ?nd an 
element of the schema identi?able With the Vendor node that 
is a child node of TradingParty. The exemplary system applies 
a correspondence test to compare Vendor to names of sub 
classes of TradingPartner and properties of TradingPartner. In 
the example, the system may have a result that no such match 
has been found and accordingly the system tests for a derived 
match including the element related to the Vendor node. The 
exemplary system may evaluate that an element identi?able 
With the Identi?er node can be matched to the inherited prop 
erty hasidenti?ers of Seller and that an element identi?able 
With the Address node can be matched to the inherited object 
property hasAddress and the range Address. Furthermore, 
elements identi?able With child nodes of the Address node 
may be tested to match to entity groups assigned to the class 
Address. As a result, the element identi?able With the City 
node may be evaluated to matched to the property hasCity and 
the range City, the element identi?able With Street may be 
matched to the property hasStreet and the range Street, and 
the element identi?able With the HouseNo node may be 
matched to the property hasHouseNo. Further child nodes of 
a further generation of the node Address are not available for 
testing and evaluation because the City, Street, and HouseNo 
nodes are leaf nodes Without further child nodes. Based on the 
results of the evaluations the system may match the element 
identi?able With the Vendor node to the class Seller being a 
subclass of TradingPartner. The system may further charac 
teriZe the match as a derived match so that a further check may 
be done at a later point of time. A person skilled in the art Will 
appreciate that in an analogous Way the exemplary system 
may match an element identi?able With node BuyerParty to 
class BuyerPartner, an element identi?able With child node 
Identi?er of BuyerParty node to property hasidenti?er of 
class BuyerPartner, an element identi?able With node Ship 
ToAddress to property hasAddress of class ShipToPartner 
and range Address, and an element identi?able With node 
BillToAddress to property hasAddress of class BillToPartner 
and range Address. 

FIG. 5 shoWs exemplary pseudo code for implementing an 
embodiment of the invention. The pseudo code has three parts 
Which are separated by dotted lines. The pseudo code may be 
used for an implementation of ?nding a derived match. A ?rst 
part includes declarations concerning a schema, an ontology, 
and parameters. A second part includes pseudo code of a 
function Concept-Finder that is con?gured to match child 
nodes of a node to entity groups assigned to a class. Each 
potential match is tested according to a function Compare 
Node that is included in a third part. The function Compare 
Node sequentially tests if a node can be matched to a class by 
using function ?ndSubClassMatch, if a node can be matched 
to a property by using function ?ndPropertyMatch, and if a 
derived match can be found. The derived match uses child 
nodes of the node up to a number of generations that is limited 
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by a parameter depth. The function Compare-Node explores 
paths below a node of a tree representation of the schema. 

FIG. 6A is a part of a simpli?ed ?oW diagram for an 
embodiment 400 of the invention. The embodiment 400 is a 
method 400 that is exemplary for a computer-implemented 
method for matching elements of a schema to entity groups of 
an ontology. The schema may be represented by an XSD. The 
method 400 includes accessing 415 an element of the schema 
stored in a ?rst storage means and an entity group of the 
ontology stored in a second storage means. The second stor 
age means may be identical to the ?rst storage means or the 
second storage means may be different from the ?rst storage 
means. The method 400 includes a method step matching the 
element of the schema to the entity group of the ontology in 
case that the element corresponds to the entity group accord 
ing to a correspondence test. The element is related to the 
entity group because the element is identi?able With a child 
node of a parent node of a tree, the entity group includes a 
subclass of a class of a further entity group or a property of the 
class, and the further entity group matches to a parent element 
identi?able With the parent node. 
A folloWing description includes speci?c embodiments of 

method step matching the element to the entity group. The 
speci?c embodiments depend on entities of the entity group 
and on steps of the correspondence test. The folloWing 
description further includes repeating the embodiments of 
matching With respect to further elements of the schema to 
further entity groups of the ontology. The further elements are 
identi?able With child nodes of a matched parent node of the 
tree and the further entity groups comprise subclasses of 
matched class of a matched entity group or properties of the 
matched class. The matched entity group matches to a 
matched parent element identi?able With the matched parent 
node. 

The method 400 may optionally start With receiving 410 an 
identi?er of the parent element and an identi?er of the further 
entity group. The identi?ers may for example have been 
entered manually by a user or predetermined by a developer. 

It folloWs the method step accessing 415 the element of the 
schema and the entity group of the ontology. Following 
method steps may depend on the entity group, that is, if for 
example the entity group includes a subclass, a datatype prop 
er‘ty, or an object property With a range. 

In case that the entity group includes a subclass of the class 
of the further entity group the correspondence test may 
include comparing 420 an identi?er of the element With an 
identi?er of the subclass. The correspondence test may be 
implemented according to previously described embodi 
ments of the correspondence test. As an example, the corre 
spondence test may include testing if any one of the folloWing 
relations exists betWeen identi?ers of the element and the 
subclass: the identi?ers are identical, the identi?ers are syn 
onymous, the identi?ers are similar according to a ?rst simi 
larity test. In case of a correspondence betWeen the identi?ers 
it folloWs matching 430 the element to the subclass. Upon 
matching 430 it may folloW to check if there are further 
elements of the schema available for matching to further 
entity groups. In case of a further available element the 
method may continue With comparing 420 identi?ers includ 
ing the identi?er of the further available element. In case of no 
further elements the method may include Writing 450 one or 
more matches that have been found by the method into a 
mapping ?le. 

In case of no correspondence of the identi?ers of the ele 
ment and the subclass the method may continue comparing 
422 the identi?er of the element With an identi?er of a 
datatype property of the class of the further entity group. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
Comparing 422 may include testing if any one of the folloW 
ing relations exist betWeen identi?ers of the element and the 
datatype property: the identi?ers are identical, the identi?ers 
are synonymous, the identi?ers are similar according to a 
second similarity test. In case of a correspondence of the 
identi?ers it may folloW matching 432 the element to the 
datatype property and checking for further elements available 
for further matching. In case of a further element it may 
folloW continuing With method step comparing 420 and in 
case of no further element it may folloW Writing 450 one or 
more matches that have been found by the method into a 
mapping ?le. 

In case of no correspondence of the identi?ers of the ele 
ment and the datatype property it may folloW comparing 424 
the identi?er of the element With the identi?er of an object 
property and an identi?er of a range. The correspondence test 
may include testing if the identi?er of the element is similar to 
the identi?er of the object property and the identi?er of the 
range according to a third similarity test. 

In the ?gure are also tWo continuation points C1 and C2 
that do not correspond to a method step but help a visualiZa 
tion of the method according to the ?gure and a folloWing 
?gure: continuation points C1 and C2 are part of the ?gure 
and the folloWing ?gure and connect method steps of the 
?gure and the folloWing ?gure. In the ?gure, continuation 
point C1 is folloWed by method step comparing 420 identi? 
ers of the element and the subclass and continuation point C2 
folloWs comparing 424 identi?ers of the element and the 
object property and the range. 

FIG. 6B is a further part of the simpli?ed ?oW diagram for 
the embodiment 400 of the invention. Continuation points C1 
and C2 connect the further part With a previous part of a 
previous ?gure. According to a previous method step com 
paring 424 the identi?ers the correspondence test may ?nd a 
correspondence and it may folloW matching 434 the element 
to the object property and the range and checking for a further 
element available for matching. In case of the further avail 
able element a folloWing step may be comparing 420 identi 
?ers including the identi?er of the further available element. 
In case of no further available element it may folloW Writing 
450 one or more matches that have been found by the method 
into a mapping ?le. 

In case of no correspondence it may folloW the correspon 
dence test testing 426 if one or more elements identi?able 
With child nodes of the child node match to one or more entity 
groups that comprise subclasses of a class of the entity group, 
properties of the class, or properties of the subclasses. The 
child nodes of the child may be ?rst generation child nodes of 
the child node or second or higher generation child nodes of 
the child node, that is, the child nodes may for example be 
child nodes of child nodes of the child node. It may be that the 
number of generations for Which matches are tested is 
restricted. The correspondence test may further include 
evaluating 428 matches of the one or more elements to the one 
or more entity groups according to an evaluation function. 
The evaluation function may include counting the matches 
including the one or more elements and to compare a number 
of matches to a number of the one or more elements. Such a 
match involving the one or more elements is a derived match 
and it may folloW characterizing the derived match as a 
derived match. In case that the correspondence test results in 
a correspondence it may folloW matching 436 the element to 
the entity group, Which may include a class or a property. In 
case of a further element available for further matches a 
folloWing step may be comparing 420 identi?ers including 
the identi?er of the further available element. In case of no 
further available element it may folloW Writing 450 one or 
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more matches that have been found by the method into the 
mapping ?le. In case of no correspondence, that is, a derived 
match is not possible it may folloW characterizing the element 
as unmatchable. Such a characteriZation may for example in 
the following be Written into the mapping ?le or into a log ?le. 
In a further example, it may be brought to the attention of a 
user by using a graphical interface. It may folloW checking the 
schema for a further element available for a match according 
to the ?gure. In a further example, matches of elements to 
entity groups may be Written to the mapping ?le folloWing 
each successful matching. 
An embodiment of the invention may be a computer pro 

gram product. The computer program product may have 
instructions that are transferable to a computer system and 
that cause the computer system to execute method steps of an 
embodiment of the invention. 

The computer program product may be stored on com 
puter-readable media for carrying or having computer-ex 
ecutable instructions or data structures. Such computer-read 
able media may be any available media that can be accessed 
by a general purpose or special purpose computer. By Way of 
example, such computer-readable media may include RAM, 
ROM, EPROM, EEPROM, CD-ROM or other optical disk 
storage, magnetic disk storage or other magnetic storage 
devices, or any other medium that may be used to carry or 
store desired program code in the form of computer-execut 
able instructions or data structures and Which can be accessed 
by a general purpose or special purpose computer. When 
information is transferred or provided over a netWork or 
another communications connection (either hardWired, Wire 
less, or a combination of hardWired or Wireless) to a com 
puter, the computer properly vieWs the connection as a com 
puter-readable medium. Thus, any such connection is 
properly termed a computer-readable medium. Combinations 
of the above are also to be included Within the scope of 
computer-readable media. Computer-executable instructions 
include, for example, instructions and data Which cause a 
general purpose computer, a special purpose computer, or a 
special purpose processing device to perform a certain func 
tion or group of functions. Furthermore, computer-execut 
able instructions include, for example, instructions that have 
to be processed by a computer to transform the instructions 
into a format that is executable by a computer. The computer 
executable instructions may be in a source format that is 
compiled or interpreted to obtain the instructions in the 
executable format. In case that the computer-executable 
instructions are transformed, a ?rst computer may for 
example transform the computer-executable instructions into 
the executable format and a second computer may execute the 
transformed instructions. 

The invention is described in the general context of method 
steps, Which may be implemented in one embodiment by a 
computer program product including computer-executable 
instructions, such as program code, executed by computers in 
netWorked environments. Generally, program modules 
include for example routines, programs, objects, compo 
nents, or data structures that perform particular tasks or 
implement particular abstract data types. Computer-execut 
able instructions, associated data structures, and program 
modules represent examples of program code for executing 
steps of the methods disclosed herein. The particular 
sequence of such executable instructions or associated data 
structures represents examples of corresponding acts for 
implementing the functions described in such steps. 

The present invention in some embodiments may be oper 
ated in a netWorked environment using logical connections to 
one or more remote computers having processors. Logical 
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connections may include for example a local area netWork 
(LAN) and a Wide area netWork (WAN). The examples are 
presented here by Way of example and not limitation. Such 
netWorking environments are commonplace in of?ce-Wide or 
enterprise-Wide computer netWorks, intranets and the Inter 
net. Those skilled in the art Will appreciate that such netWork 
computing environments Will typically encompass many 
types of computer system con?gurations, including personal 
computers, hand-held devices, multi-processor systems, 
microprocessor-based or programmable consumer electron 
ics, netWork PCs, minicomputers, mainframe computers, and 
the like. The invention may also be practiced in distributed 
computing environments Where tasks are performed by local 
and remote processing devices that are linked (either by hard 
Wired links, Wireless links, or by a combination of hardWired 
or Wireless links) through a communications netWork. In a 
distributed computing environment, program modules may 
be located in both local and remote memory storage devices. 
An exemplary system for implementing the overall system 

or portions of the invention might include a general purpose 
computing device in the form of a conventional computer, 
including a processing unit, a system memory, and a system 
bus that couples various system components including the 
system memory to the processing unit. The system memory 
may include read only memory (ROM) and random access 
memory (RAM). The computer may also include a magnetic 
hard disk drive for reading from and Writing to a magnetic 
hard disk, a magnetic disk drive for reading from or Writing to 
a removable magnetic disk, and an optical disk drive for 
reading from or Writing to removable optical disk such as a 
CD-ROM or other optical media. The drives and their asso 
ciated computer-readable media provide nonvolatile storage 
of computer-executable instructions, data structures, pro 
gram modules and other data for the computer. 

SoftWare and Web implementations of the present inven 
tion could be accomplished With standard programming tech 
niques With rule based logic and other logic to accomplish the 
various database searching steps, correlation steps, compari 
son steps and decision steps. It should also be noted that the 
Word “component” as used herein and in the claims is 
intended to encompass implementations using one or more 
lines of softWare code, and/or hardWare implementations, 
and/or equipment for receiving manual inputs. 
The foregoing description of embodiments of the invention 

has been presented for purposes of illustration and descrip 
tion. It is not intended to be exhaustive or to limit the invention 
to the precise form disclosed, and modi?cations and varia 
tions are possible in light of the above teachings or may be 
acquired from practice of the invention. The embodiments 
Were chosen and described in order to explain the principals 
of the invention and its practical application to enable one 
skilled in the art to utiliZe the invention in various embodi 
ments and With various modi?cations as are suited to the 
particular use contemplated. 

The invention claimed is: 
1. A system for matching elements of a schema to entity 

groups comprised of classes or properties of an ontology, the 
system comprising: 

a ?rst storage con?gured to store an element of the schema 
that is identi?able With a child node of a parent node of 
a tree; 

a second storage con?gured to store an entity group of the 
ontology that comprises a subclass of a class of a further 
entity group or a property of the class, the further entity 
group matching to a parent element identi?able With the 
parent node; 
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an access unit con?gured to access the element of the 
schema and the entity group of the ontology; and 

a match unit con?gured to match the element of the schema 
to the entity group of the ontology in case that the ele 
ment corresponds to the entity group according to a 
correspondence test. 

2. The system of claim 1 further comprising a receiver unit 
con?gured to receive an identi?er of the parent element and 
an identi?er of the further entity group. 

3. The system of claim 1 Wherein the correspondence test is 
con?gured to compare an identi?er of the element With an 
identi?er of a subclass of the class of the further entity group. 

4. The system of claim 3 Wherein the correspondence test is 
con?gured to test if any one of the folloWing relations exists 
betWeen identi?ers of the element and the subclass: the iden 
ti?ers are identical, the identi?ers are synonymous, the iden 
ti?ers are similar according to a ?rst similarity test. 

5. The system of claim 1 Wherein the correspondence test is 
con?gured to compare an identi?er of the element With an 
identi?er of a datatype property of the class of the further 
entity. 

6. The system of claim 5 Wherein the correspondence test is 
con?gured to test if any one of the folloWing relations exists 
betWeen identi?ers of the element and the datatype property: 
the identi?ers are identical, the identi?ers are synonymous, 
the identi?ers are similar according to a second similarity test. 

7. The system of claim 1 Wherein the correspondence test is 
con?gured to compare an identi?er of the element With an 
identi?er of an object property of the class of the further entity 
group and an identi?er of a range of the object property. 

8. The system of claim 7 Wherein the correspondence test is 
con?gured to test if the identi?er of the element corresponds 
to the identi?er of the object property and the identi?er of the 
range according to a third similarity test. 

9. The system of claim 1 Wherein the correspondence test is 
con?gured to: 

test if one or more elements identi?able With child nodes of 
the child node match to one or more entity groups that 
comprise subclasses of a class of the entity group, prop 
er‘ties of the class, or properties of the subclasses; and 

evaluate matches of the one or more elements to the one or 

more entity groups according to an evaluation function. 
10. The system of claim 9 further characterizing the 

matched element and entity group as a derived match. 
11. The system of claim 1 further comprising a Write unit 

con?gured to Write to a mapping ?le a description of a match 
of the element of the schema to the entity group of the ontol 
ogy. 

12. The system of claim 1 Wherein the schema is de?ned 
according to an extensible markup language schema de?ni 
tion XSD. 

13. A computer-implemented method for matching ele 
ments of a schema to entity groups comprised of classes or 
properties of an ontology, the method comprising: 

accessing an element of the schema stored in a ?rst storage 
and an entity group of the ontology stored in a second 
storage; and 

matching the element to the entity group in case that the 
element corresponds to the entity group according to a 
correspondence test, Wherein the element is identi?able 
With a child node of a parent node of a tree and the entity 
group comprises a subclass of a class of a further entity 
group or a property of the class, the further entity group 
matching to a parent element identi?able With the parent 
node. 
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14. The method of claim 13 further receiving an identi?er 

of the parent element and an identi?er of the further entity 
group. 

15. The method of claim 13 Wherein the correspondence 
test comprises comparing an identi?er of the element With an 
identi?er of a subclass of the class of the further entity group. 

16. The method of claim 15 Wherein comparing the iden 
ti?er of the element With the identi?er of the subclass com 
prises testing if any one of the folloWing relations exists 
betWeen identi?ers of the element and the subclass: the iden 
ti?ers are identical, the identi?ers are synonymous, the iden 
ti?ers are similar according to a ?rst similarity test. 

17. The method of claim 13 Wherein the correspondence 
test comprises comparing an identi?er of the element With an 
identi?er of a datatype property of the class of the further 
entity group. 

18. The method of claim 17 Wherein comparing the iden 
ti?er of the element With the identi?er of the datatype prop 
er‘ty comprises testing if any one of the folloWing relations 
exists betWeen identi?ers of the element and the datatype 
property: the identi?ers are identical, the identi?ers are syn 
onymous, the identi?ers are similar according to a second 
similarity test. 

19. The method of claim 13 Wherein the correspondence 
test comprises comparing an identi?er of the element With an 
identi?er of an object property of the class of the further entity 
group and an identi?er of a range of the object property. 

20. The method of claim 19 Wherein comparing the iden 
ti?er of the element With the identi?er of the object property 
and the identi?er of the range comprises testing if the identi 
?er of the element is similar to the identi?er of the object 
property and the identi?er of the range according to a third 
similarity test. 

21. The method of claim 13 Wherein the correspondence 
test comprises: 

testing if one or more elements identi?able With child 
nodes of the child node match to one or more entity 
groups that comprise subclasses of a class of the entity 
group, properties of the class, or properties of the sub 
classes; and 

evaluating matches of the one or more elements to the one 
or more entity groups according to an evaluation func 
tion. 

22. The method of claim 21 further characterizing the 
matched element and entity group as a derived match. 

23. The method of claim 13 further repeating matching 
further elements of the schema to further entity groups of the 
ontology, Wherein the further elements are identi?able With 
child nodes of a matched parent node of the tree and the 
further entity groups comprise subclasses of matched class of 
a matched entity group or properties of the matched class, the 
matched entity group matching to a matched parent element 
identi?able With the matched parent node. 

24. The method of claim 13 further Writing a description of 
a match of the element of the schema to the entity group of the 
ontology into a mapping ?le. 

25. The method of claim 13 Wherein the schema is de?ned 
according to an extensible markup language schema de?ni 
tion XSD. 

26. A computer program product comprising instructions 
that are transferable to a computer system and that cause the 
computer system to execute method steps of claim 13. 

* * * * * 


